We report a case series of dengue maculopathy with different ocular manifestations, managements, visual outcomes and sequelae of patients. All three cases were diagnosed to have dengue fever. Patients presented with symptoms of central scotoma (case 1 and case 3) and blurring of vision (case 2) on Day 9 of dengue fever. Fundus examination showed intra retinal haemorrhages (case 1 and case 2) and macula thickening (case 3). Optical coherence tomography (OCT) revealed macular thickening with intra retinal fluid (case 1) and diffuse retinal thickening (case 3), while in case 2, it had irregular ellipsoid line in OCT. Fundus fluorescence angiography (FFA) revealed parafoveal vasculitis. After treatment with systemic steroids, one patient had good visual outcome (case 2), while two others had a persistent central scotoma due to macula atrophy (case 3). Although it is a self limiting disease, but the mode of treatment is variable. Treatment with corticosteroids may hasten recovery of vision and prevent permanent visual impairment.
Introduction
Dengue fever is the most prevalent form of flavivirus in human which is transmitted by Aedes mosquitos [1] . It is especially endemic in the tropics and warm regions of the world [2] [3] . The disease not only affects systemic which can cause mortality. It also affects ocular as well as uveitis, maculopathy or optic neuritis [4] . Dengue maculopathy is the commonest ocular dengue diseases. The prevalence of dengue maculopathy was 10% among the hospitalized patients [5] . The commonest ophthalmic symptoms of dengue maculopathy are blurring of vision, followed by scotoma, ocular pain and me-tamorphopsia. The pathophysiology of dengue maculopathy is still unknown. However, many studies postulated that immune-mediated process may play an important role in pathophysiology of dengue maculopathy [6] [7] . Here we report ocular manifestation, management, visual outcome and sequelae of dengue maculopathy series cases in our center.
Case Series

Case 1
An 18 years old Chinese female, presented to us with right central scotoma on day 8 of dengue fever. Visual acuity of right eye was 6/24. Anterior segment and intraocular pressure (IOP) were unremarkable. Right fundus showed intra retinal haemorrhage at macula region (Figure 1(a) ). Optical coherence tomography (OCT) of macula showed 
Case 2
A 19 years old Chinese male was referred to us for bilateral eyes blurring of vision, preceded by fever for 9 days. His visual acuity was counting fingers bilaterally. Anterior 
Case 3
A 22 years old Chinese female, presented with left eye central blurring of vision on day 8 of dengue fever. Visual acuity was 6/6 in both eyes. Anterior segment examination was unremarkable in both eyes. Fundus examination of the left eye revealed a splinter haemorrhage temporal to optic disc with adjacent edema (Figure 4 (a), Figure 4(b) ).
OCT of the left eye showed edema over the nasal region of macula. FFA showed no evidence of leakage or capillary fall out. Patient was diagnosed to have diffused retinal thickening. Her platelet cell count was 100 × 10 3 g/dl. Patient was treated with topical NSAIDs 3 times per day and oral prednisolone 40 mg daily for a week then which was later tapered off. She claimed that her vision improved but the paracentral scotoma remained. Her final visual acuity was 6/6. Macula OCT showed atrophy of nerve fibre layers at the nasal part of the left macula ( Figure 5 ).
Discussion
Dengue fever a multi-system disease, which is rare, may affect the eyes. Dengue patients with marked thrombocytopenia especially those with platelet count of less than 50 × 10 9 cells/L are more likely to develop ocular involvement which may result in vision impairment [8] . Onset of visual impairment has been observed to coincide with the nadir of serum thrombocytopenia [7] . In our series, two patients developed dengue maculopathy despite a platelet count of more than 100 × 10 3 g/dl. The onset of the ocular symptoms is usually 6.8 days after onset of fever [5] . The delay between the onset of dengue fever and the onset of ocular manifestations is the most probability due to immune mediated mechanisms rather than direct viral infection [9] .
In our case, the onset of ocular manifestation of dengue fever was day 8 to day 9. The main presenting symptoms are generalized blurring of vision (87%), followed by scotoma (45%) and floaters (1%) [6] . In our case, 1 patient presented with generalized blurring of vision and 2 patients with central scotoma.
FFA usually demonstrates mainly vasculitis or vein occlusions [6] . Bacsal et al. (2007) reported that FFA is able to pick up venular occlusion in 25% of eyes and vascular leakage in 16% of eyes of patients with dengue related ocular signs. In case 2, patient presented with significant vision loss, however no abnormality detected on macula OCT, which is why we proceeded with FFA, which showed perifoveal vasculitis. Both OCT and FFA have their utility in identifying causes of poor visual outcome. In our third case despite good vision, the central scotoma persisted secondary to macula atrophy.
Dengue maculopathy is usually a self limiting condition. The mode of treatment includes active surveillance, anti inflammatory medication and immunosuppressive therapies [10] . Currently, there is no standardized protocol for treatment of dengue maculopathy. A retrospective study reported that 37 out of 50 patients with dengue related ocular symptoms had spontaneous resolution of clinical signs with conservative management [4] . 76% of patients had regained visual acuity of 6/12 or better by 3 months.
Systemic steroids are another options; a retrospective study done in Singapore with 41 patients, which treated symptomatic patients or those with poor or deteriorating visual found that more than half of their patients achieved a visual acuity to 20/40 or better after steroid treatment. In our case, the patient was treated with intravenous methylprednisolone for 3 days followed by oral prednisolone has a visual improvement from counting fingers to 6/9 and was asymptomatic after 3 weeks.
Unfortunately, despite improvement of their visual acuity, two of our patients had a persistent central scotoma even after treatment, corresponding to macula atrophy on OCT. Teoh et al. (2006) postulated that patients may have persistent paracentral scotoma and impairment of colour vision after resolution of the illness due to a severe inflammatory insult occurring within few days. They suggested that a short course of systemic immunosupression at presentation would be beneficial. We believe that prompt treatment may reduce the visual morbidity. However, more randomized clinical trials are needed to determine the best form and timing of treatment of patients with dengue maculopathy
Conclusion
Dengue related eye disease is an uncommon cause of ocular morbidity. It may result in permanent visual impairment as macula atrophy after resolution of macula edema. FFA should be done to look for evidence of vasculitis. However, further randomized clinical studies are needed to confirm the validity. Even though it is a self limiting disease, the treatment may fasten the recovery of vision, and it might have residual of macula atrophy. Therefore, early diagnosis and treatment needed to prevent permanent visual impairment.
